To survey airborne and food allergen patterns in southern Taiwan and to analyze the effect of age on response to different allergens, we tested samples from 4,411 allergic patients at Kaohsiung Medical University Hospital using the MAST-CLA test (new Taiwan panel). A total of 2,212 (50.1%) samples showed a positive response. We grouped allergic patients into five age groups. Milk and egg white were the main food allergens in the younger groups (< 3 years old and 3-6 years old). Shrimp, crab, and shellfish were the main allergens in the groups aged 7-12, 13-18, and more than 18 years. Among airborne allergens, house dust and mites Dermatophagoides farinae and D. pteronyssinus were the main allergens in all age groups, whereas the frequency of response to cockroach allergen was low in the group aged less than 3 years, but increased in the other age groups. There was a sharp increase in the frequency of response to airborne allergens after 3 years old and a sharp decrease in response to food allergens. Among subjects allergic to both airborne and food allergens, there was a positive MAST-CLA rate of 19.9% to 26% (all five age groups, no significant difference). When we compared our results with those from Taipei Veterans General Hospital in northern Taiwan, there were significant differences for yeast, peanut, feather mix, dog dander, cockroach, D. farinae and D. pteronyssinus allergens (p < 0.01). These differences were probably caused by differences in patient location, patient age, disease patterns and allergen panels.
Atopic diseases are increasingly common in developing and developed countries, and the medical cost has become a large burden for families and for society in general [1] . If atopic subjects can be detected in early childhood, it might be possible to stop or slow the atopic march [2] . Increased industrialization has brought severe pollution that has increased the incidence of allergic disease markedly.
The detection of allergen-specific immunoglobulin E (IgE) antibodies in serum is easy and non-invasive and helps doctors to diagnose atopic subjects [3] . The MAST-CLA (multiple allergosorbent chemiluminescent assay) test, radioallergosorbent test, and Pharmacia CAP test all have good agreement with the traditional skin test [4] [5] [6] [7] . The MAST-CLA test is an in vitro assay to simultaneously screen for specific IgE antibodies to 35 allergens (15 food allergens and 20 airborne allergens) in the serum of subjects suspected to be atopic. The MAST-CLA panel has been used routinely in immunology laboratories in Taiwan for 10 years. Since February 2001, a new MAST-CLA Taiwan panel, with Dermatophagoides farinae and D. pteronyssinus allergens at the bottom of the test pipette and the addition of citrus allergen, has replaced the old one.
In Taiwan, data from the MAST-CLA test for several allergens in allergic children have been reported in northern Taiwan [4, [7] [8] [9] [10] [11] , but very few data for southern Taiwan have been documented [12] . To our knowledge, no paper has been published since the implementation of the new MAST-CLA panel in Taiwan. The purpose of this study was to investigate allergen frequency in southern Taiwan, to determine the effect of age on allergen responses using the new MAST-CLA panel in allergic patients at the Kaohsiung Medical University Hospital (KMUH), and to compare the incidence of food and airborne allergens with that reported from Taipei Veterans General Hospital (VGH) in northern Taiwan.
MATERIALS AND METHODS
Between February 2001 and April 2002, we took serum samples from 4,411 enrolled patients (mean age, 17.1 ± 11.1 years; range, 0-92 years) with signs and symptoms of bronchial asthma, allergic rhinitis, allergic conjunctivitis, or atopic dermatitis at KMUH. The MAST-CLA (Hitachi Chemical Diagnostics Inc, Mountain View, CA, USA) new Taiwan Allergy Panel, including common inhalant allergens, mold, pollen, and food allergens, was used to assess the frequency of responses to the allergens. MAST-CLA requires 1.3 mL of serum and is completed within 24 hours. The system consists of a long pipette with 38 parallel cellulose threads strung ladder-fashion from top to bottom. Each thread has a different allergenic extract covalently bound to it. Positive and negative controls are also included in every test pipette. Each patient's serum was drawn up into the pipette and incubated overnight. After washing, the pipette was filled with a solution of enzyme-labeled goat anti-human IgE and incubated for another 4 hours. After washing and the addition of a photoreagent mixture, a band of light is emitted from threads where IgE has bound. After 10 minutes' incubation, the pipette was placed in a luminometer to measure the amount of light emitted by each thread. The quantity of IgE present is proportional to the number of luminescence units (LUs) of each allergen minus the LUs for the negative control. The result from each thread is then expressed as one of six classes: 0 = undetectable (net LUs, 0-11), ± = very low (net LUs, 12-26), 1 = low (net LUs, 27-65), 2 = moderate (net LUs, 66-142), 3 = high (net LUs, 143-242), and 4 = very high (net LUs, > 242). Positive results were defined as greater than class 2. We grouped positive samples by age into five groups: less than 3 years, 3-6 years, 7-12 years, 13-18 years, and more than 18 years.
Statistical analysis
Results were analyzed for statistical significance using the Chi-squared test. A p value of less than 0.05 was considered statistically significant.
RESULTS

Frequency of allergens in different age groups
Among the enrolled patients, 2,212 (50.1%) had positive MAST-CLA results. Of these, 1,263 (57.1%) were male and 949 (42.9%) were female.
The frequencies of response to 16 food allergens are shown in Table 1 . For the group aged less than 3 years, the most common allergen was milk (65.3%) followed by egg white (33.3%). This decreased to 5% and 2.8%, respectively, for the 7-12-year-old group. In this group, crab, shellfish mix, and shrimp were the three most common food allergens (12.8%, 10.1%, and 13.4%, respectively). Among seafood allergens, shrimp was the most common in all five age groups, followed by crab. The newly added citrus allergen showed low frequency in all age groups.
Positive MAST-CLA responses to 20 airborne allergens are shown in Table 2 . Among all age groups, the most common airborne allergens were the mites D. farinae and D. pteronyssinus, followed by house dust and cockroach mix. The frequencies of D. farinae allergen increased from 42.7% in the group aged less than 3 years to 95.5% in the 7-12-year-old group and remained high in the 13-18-year-old group (89.9%) and the group aged more than 18 years (84.1%). The frequencies of D. pteronyssinus allergen increased from 46.7% in the group aged less than 3 years to 92.1% in the 7-12-year-old group and remained high in the 13-18-year-old group (89.9%) and the group aged more than 18 years (75.6%).
For further analysis of the effect of different patterns of food and airborne allergens, we divided patients into three groups: allergic to food allergen only, allergic to airborne allergen only, and allergic to both food and airborne allergens. Table 3 gives the frequencies of these allergies in the five age groups. The frequencies of allergy to airborne allergens increased rapidly after the age of 3 years and were significantly different among the five age groups (p < 0.001). The frequencies of allergy to food decreased rapidly after 3 years old and were significantly different among the five age groups (p < 0.001). The frequencies of allergies to both airborne and food allergens remained steady at 19.9% to 26% for all five age groups (p > 0.05).
Comparison with VGH: food allergens
Comparison of food allergen frequencies between our age-matched (< 18 years) samples and the results in Lee et al's report from northern Taiwan are shown in Table 4 [8] . Positive frequencies of food allergens between these two studies showed significant differences for peanut and brewer's yeast (p < 0.01), and for crab, shellfish mix, wheat, codfish, egg yolk, pork, and beef (p < 0.05).
Comparison with VGH: airborne allergens
The frequencies of airborne allergens in our age-matched (< 18 years) samples are compared with those in Lee et al's report from northern Taiwan in Table 5 [8] . There were significant differences in the frequencies of airborne allergens for D. farinae and D. pteronyssinus, cockroach mix, feather mix, and dog dander (p < 0.01), and cat dander, Bermuda grass, and Cladosporium (p < 0.05). 
DISCUSSION
In developed countries, atopic diseases are very common: about 30% to 40% of the general population is atopic [1] . In the USA, the prevalence and severity of asthma has increased in the last 20 years, and the greatest increase has been seen among children and young adults living in inner cities. The reasons for this increase are obviously complex, but include environmental exposure to allergens and pollutants, changing patterns of medication, and the psychosocial stresses of living in poor inner-city neighborhoods [13] . An easy in vitro test is necessary to help physicians screen for atopic individuals. The MAST-CLA test is a semiquantitative assay that can screen for specific IgE antibodies to 36 common allergens. D. farinae, D. pteronyssinus, and house dust were the three most common allergens in our study. Although the allergen frequencies in this study and the effect of age on allergic responses are similar to data from northern Taiwan for most allergens [8] , there were significant differences for brewer's yeast, peanuts, feather mix, dog dander, cockroach mix, D. farinae and D. pteronyssinus (p < 0.01). These differences were probably caused by differences in population and age group between VGH (6.7 ± 4.0 years) and KMUH (17.1 ± 11.1 years), differences in living environment and food between northern and southern Taiwan, disease patterns, and the re-arrangement of allergens in the new Taiwan Allergy Panel. Hill and Sulzberger reported that most atopic dermatitis occurs in infancy [14] . The effects of re-arrangement of allergens may be the major cause of the differences in peanut (the last allergen in the old panel, which might have led to problems from incomplete washing) and feather mix (next to the cockroach mix in the old panel, which might have led to contamination by carry-over to produce a false-positive result). Our results indicate that the highest frequency of specific IgE antibody to milk was in younger children (< 3-year-old group), and the frequencies gradually decreased as age increased. These results are similar to those of Tsai and Chen [15] . This phenomenon is correlated with the "grow out" theory proposed by Sampson [16] . Several previous reports suggest that the appearance of specific IgE antibody to egg white and cow's milk in early life and the persistent appearance of specific IgE antibody to cow's milk might be a predictor of the atopic march, and avoidance of these food allergens in infancy could stop or slow atopic progression [17] [18] [19] [20] [21] . Dynowska et al [22] and Kotaniemi-Syrjanen et al [23] observed that the appearance of specific IgE antibodies to airborne allergens in infancy provided evidence of atopy. The appearance of specific IgE antibodies to D. farinae and D. pteronyssinus, house dust, and cockroach among older children and adults is correlated with many atopic diseases such as atopic dermatitis, asthma, and allergic rhinitis [8] [9] [10] 24] .
In Lee et al's study of fungal allergens, Cladosporium was the most commonly found fungal allergen [8] , although in our study, it was the least common fungal allergen. Our study showed that the frequencies of allergy to airborne allergen(s) increased as patient age increased. However, the frequencies of allergy to food allergen(s) decreased as patient age increased. This trend was probably caused by changes in living habits. The constant frequencies of allergy to both airborne and food allergens in all five age groups suggested that this kind of allergy (particularly in infancy) should be kept under regular surveillance to prevent further development.
Most atopic individuals are unaware of their disease, even when they suffer anaphylactic shock [25] . Tang et al reported that the results of total IgE were not reliable in diagnosis of allergy [7] . We suggest that babies at high risk (i.e. those who come from atopic families) should be screened for specific IgE in infancy, then periodically rechecked (every 3 or 4 months in infancy, every 6 months in older children) using the MAST-CLA test. Doctors would then be able to identify suspected atopic babies and the causative allergens. This would allow the use of proper treatments and home education for parents. Finally, the atopic march might be stopped or slowed and the atopic population reduced.
